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7KLV SDSHU VKRZV WKDW LQFUHDVHG WUDQVFULSWLRQDO DFWLYDWLRQ RI WHQVLRQ PHGLDWHG DXWRSKDJ\          
IDFWRU%$*LVDFRQVLVWHQWPROHFXODUKDOOPDUNRI.<GHILFLHQF\LQDQLPDOPRGHOV

$%675$&7ZRUGVPD[
7KH LPSRUWDQFH RI N\SKRVFROLRVLV SHSWLGDVH .< LQ VNHOHWDO PXVFOH SK\VLRORJ\ KDV UHFHQWO\           
EHHQ HPSKDVLVHG E\ WKH LGHQWLILFDWLRQ RI QRYHO KXPDQ P\RSDWKLHV DVVRFLDWHG ZLWK .<           
GHILFLHQF\ 1HLWKHU WKH SDWKRJHQLF PHFKDQLVP RI .< GHILFLHQF\ QRU D VSHFLILF UROH IRU .< LQ              
PXVFOH IXQFWLRQ KDYH EHHQ HVWDEOLVKHG +RZHYHU DEHUUDQW ORFDOLVDWLRQ RI )/1& LQ PXVFOH           
ILEHUV KDV EHHQ VKRZQ LQ KXPDQV DQG PLFH ZLWK ORVV RI IXQFWLRQ PXWDWLRQV LQ WKH .< JHQH                
)/1& WXUQRYHU KDV EHHQ SURSRVHG WR EH FRQWUROOHG E\ &KDSHURQH $VVLVWHG 6HOHFWLYH           
$XWRSKDJ\ &$6$ D FOLHQWVSHFLILF DQG WHQVLRQLQGXFHG SDWKZD\ WKDW LV UHTXLUHG IRU PXVFOH           
PDLQWHQDQFH +HUH ZH KDYH JHQHUDWHG QHZ && P\REODVW DQG ]HEUDILVK PRGHOV RI           
.<GHILFLHQF\ E\ &5,635&DV PXWDJHQHVLV 7R REWDLQ LQVLJKWV LQWR WKH SDWKRJHQLF         
PHFKDQLVP FDXVHG E\ .< GHILFLHQF\ H[SUHVVLRQ RI WKH FRFKDSHURQH %$* DQG RWKHU           
&$6$IDFWRUVZDVDQDO\]HGLQWKHFHOOXODU]HEUDILVKDQG N\N\PRXVHPRGHOV

.\GHILFLHQW && GHULYHG FORQHV VKRZ WUHQGV RI KLJKHU WUDQVFULSWLRQ RI &$6$ IDFWRUV LQ            
GLIIHUHQWLDWHG P\RWXEHV 7KH N\GHILFLHQW ]HEUDILVK PRGHO  N\\R N\\R  ODFNV RYHUW VLJQV RI          
SDWKRORJ\ EXW VKRZV VLJQLILFDQWO\ LQFUHDVHG EDJ DQG IOQFDE H[SUHVVLRQ LQ HPEU\RV DQG           
DGXOW PXVFOH $GGLWLRQDOO\ N\\R N\\R HPEU\RV FKDOOHQJHG E\ VZLPPLQJ LQ YLVFRXV PHGLD          
VKRZ DQ LQDELOLW\ WR IXUWKHU LQFUHDVH H[SUHVVLRQ RI WKHVH IDFWRUV LQ FRQWUDVW WR :7 FRQWUROV              
7KH N\N\ PRXVH VKRZV HOHYDWHG H[SUHVVLRQ RI %DJ LQ WKH QRQSDWKRORJLFDO ('/ DQG            
HYLGHQFH RI LPSDLUHG %$* WXUQRYHU LQ WKH SDWKRORJLFDO VROHXV 7KXV XSUHJXODWLRQ RI &$6$            
IDFWRUVDSSHDUVWREHDQHDUO\DQGSULPDU\PROHFXODUKDOOPDUNRI.<GHILFLHQF\

,1752'8&7,21
7KH ILUVW PRGHO RI .<GHILFLHQF\ ZDV WKH N\N\ PRXVH ZKLFK HPHUJHG VSRQWDQHRXVO\ DV D             
PRGHO RI UHFHVVLYH KHUHGLWDU\ N\SKRVFROLRVLV LQ DQ LQEUHG PRXVH VWUDLQ RYHU  \HDUV DJR             
'LFNLQVRQ DQG 0HLNOH  0DVRQ DQG 3DOIUH\   6XEVHTXHQW H[WHQVLYH         
KLVWRSDWKRORJLFDO DQDO\VHV VKRZHG WKDW SRVWXUDO WRQLFDOO\ DFWLYH PXVFOHV XQGHUJR D F\FOH RI           
GHJHQHUDWLRQ DQG UHJHQHUDWLRQ ZKHUHDV IDVWWZLWFK PXVFOHV UHPDLQ UHODWLYHO\ XQDIIHFWHG        
%ULGJHV HW DO   3RVWXUDO PXVFOHV VKRZ XOWUDVWUXFWXUDO HYLGHQFH RI VDUFRPHULF          
GDPDJH LQFOXGLQJ =GLVF WKLFNHQLQJ DQG HOHYDWHG OHYHOV RI DXWRSKDJLF YDFXROHV %ULGJHV HW           
DO   7KH N\ PXWDWLRQ LV D *& GHOHWLRQ QHDU WKH EHJLQQLQJ RI WKH FRGLQJ VHTXHQFH WKDW                
UHVXOWV LQ D SUHPDWXUH 6723 FRGRQ %ODQFR HW DO   WKXV N\N\ PLFH ODFN DQ\ .<               
SURWHLQ %DNHU HW DO  <HDVW K\EULGELRFKHPLFDO LQWHUDFWLRQV DQG FRORFDOL]DWLRQ         
VWXGLHV LQ DGXOW ILEUHV OHG WR WKH SURSRVDO RI D =GLVF QHWZRUN LQYROYLQJ .< )/1& =$. DQG                
RWKHU SURWHLQV %DNHU HW DO  %HDWKDP HW DO   &UXFLDOO\ WKH N\N\ VROHXV VKRZV              
DEHUUDQW ORFDOLVDWLRQ RI WKH F\WRVNHOHWDO FURVVOLQNHUV )/1& %HDWKDP HW DO  DQG ;,1            
%HDWKDP HW DO   ZKLFK VXJJHVWV D IDLOXUH RI PXVFOH WR PDLQWDLQ LWV VWUXFWXUDO LQWHJULW\              
XQGHU FRQVLVWHQW KLJK WHQVLRQ LQ WKH DEVHQFH RI .< $GGLWLRQDOO\ WKH PXVFOHV RI N\N\ PLFH              
GR QRW XQGHUJR FRPSHQVDWRU\ K\SHUWURSK\ LQ UHVSRQVH WR PXVFOH RYHUORDGLQJ YLD VXUJLFDO           
DEODWLRQ %ODQFR HW DO   LQGLFDWLQJ WKDW .< LV QHFHVVDU\ WR WUDQVODWH LQFUHDVHG            
PHFKDQLFDOWHQVLRQLQWRPXVFOHJURZWK

7KH N\ JHQH HQFRGHV D WUDQVJOXWDPLQDVHOLNH SURWHLQ ORFDWHG DW WKH =GLVF RI VNHOHWDO PXVFOH             
%DNHU HW DO   .< LV KLJKO\ FRQVHUYHG DFURVV YHUWHEUDWHV DQG VKDUHV D QHDU LGHQWLFDO              
SURWHLQ VHTXHQFH DPRQJ PDPPDOV 7KRXJK WKH SXWDWLYH FDWDO\WLF UHVLGXHV DUH FRQVHUYHG WR           
GDWH QR GLUHFW HYLGHQFH RI HQ]\PDWLF DFWLYLW\ RYHU DQ\ HQGRJHQRXV VXEVWUDWH KDV EHHQ            
IRXQG 0RUHRYHU DOWHUQDWLYH DOLJQPHQWV VXJJHVW WKDW WKLV GRPDLQ KDV EHHQ FRRSWHG IRU           
SURWHLQSURWHLQLQWHUDFWLRQV $QDQWKDUDPDQHWDO 

0XWDWLRQV LQ WKH N\ JHQH DVVRFLDWHG ZLWK P\RSDWK\ KDYH EHHQ UHFHQWO\ UHSRUWHG LQ KXPDQ             
SDWLHQWV +HGEHUJ2OGIRUV HW DO  6WUDXVVEHUJ HW DO  <RJHY HW DO              
&RPPRQ SDWKRORJLFDO KDOOPDUNV LQ PLFH DQG KXPDQV LQFOXGH PXVFOH DWURSK\ RI WKH VROHXV            
DQG WKH SUHVHQFH RI )/1& DJJUHJDWHV 'HILFLHQW WXUQRYHU RI )/1& PD\ WKXV EH FRUH WR WKH               
³N\´ SDWKRJHQLF PHFKDQLVP LQ KXPDQV DQG PLFH )/1& KDV EHHQ HVWDEOLVKHG DV D FOLHQW RI              
WKH &KDSHURQH $VVLVWHG 6HOHFWLYH $XWRSKDJ\ &$6$ SDWKZD\ 8OEULFKW HW DO E           
&$6$ LV D UHFHQWO\ SURSRVHG WHQVLRQLQGXFHG DXWRSKDJ\ PHFKDQLVP $UQGW HW DO  WKDW            
LV UHOLDQW RQ WKH =GLVF FRFKDSHURQH %$* %$* ELQGV WR FKDSHURQHV +6& DQG +63%             
DQG IDFLOLWDWHV VROXELOLVDWLRQ RI GDPDJHG )/1& IURP WKH F\WRVNHOHWRQ )/1& LV WKHQ           
XELTXLWLQDWHG E\ WKH ( XELTXLWLQ OLJDVH &+,3678% DQG IXUWKHU FRPSOH[HG ZLWK WHWKHULQJ           
IDFWRUV IRU DXWRO\VRVRPDO GHJUDGDWLRQ ,Q DGGLWLRQ WR PHGLDWLQJ WKH GHJUDGDWLRQ RI )/1&           
XQGHU PHFKDQLFDO WHQVLRQ %$* LQWHUDFWV ZLWK FRPSRQHQWV RI WKH +LSSR VLJQDOOLQJ QHWZRUN           
WR LQGXFH )OQF WUDQVFULSWLRQ 7KXV %$* LQWHUDFWV ZLWK LQKLELWRUV RI WKH <$37$=           
WUDQVFULSWLRQ IDFWRUV 2QFH UHOHDVHG RI LWV LQKLELWRUV <$37$= WUDQVORFDWH WR WKH QXFOHXV DQG            
XSUHJXODWH WKH V\QWKHVLV RI QDWLYH )/1& 8OEULFKW HW DO D  +HQFH %$* IDFLOLWDWHV            
GHJUDGDWLRQ DQG V\QWKHVLV RI )/1& OHDGLQJ WR WKH VXJJHVWLRQ WKDW WHQVLRQ EHDULQJ FHOOV            
DGDSW)/1&WXUQRYHUUDWHVWRWKHOHYHORIWHQVLRQ 8OEULFKWHWDOD 

*LYHQ WKDW )/1& LV D NQRZQ .< LQWHUDFWLRQ SDUWQHU %HDWKDP HW DO  LW LV SODXVLEOH WKDW                
LWV DEQRUPDO GLVWULEXWLRQ LQ .<GHILFLHQW PLFH DQG KXPDQV UHIOHFWV DQ DOWHUDWLRQ RI WKH &$6$             
SDWKZD\ +HUH ZH LQYHVWLJDWH IDFWRUV LQYROYHG LQ &$6$ LQ QHZO\ JHQHUDWHG P\RWXEH           
&& DQG ]HEUDILVK PRGHOV RI .<GHILFLHQF\ DQG LQ N\N\ PLFH 2XU UHVXOWV LQGLFDWH WKDW             
FKDQJHV LQ WUDQVFULSWLRQDO DFWLYDWLRQ RI &$6$ FRPSRQHQWV DUH DQ HDUO\ KDOOPDUN RI .<            
GHILFLHQF\LQWKHVHPRGHOV

5HVXOWV
(OHYDWHGH[SUHVVLRQRI&$6$FRPSRQHQWVLQ&&GHULYHG.\NQRFNRXWP\RWXEHV
%DJ DQG ILODPLQ H[SUHVVLRQ SRVLWLYHO\ FRUUHODWHV ZLWK LQFUHDVLQJ WHQVLRQ LQ VPRRWK PXVFOH           
FHOOV 8OEULFKW HW DO D  7R WHVW ZKHWKHU .< LV LQYROYHG LQ D VLPLODU SDWKZD\ LQ VNHOHWDO                
PXVFOH FHOOV ZH XVHG &5,635&DV WHFKQRORJ\ WR JHQHUDWH && GHULYHG FORQHV ZLWK           
GLVUXSWLYH PXWDWLRQV LQ .\ )LJ 6 VHH 0DWHULDOV DQG 0HWKRGV IRU GHWDLOV 4XDQWLWDWLYH            
573&5 DVVD\V VKRZHG D VLJQLILFDQW UHGXFWLRQ RI N\ WUDQVFULSW LQ FORQHV ' , . DIWHU              
GLIIHUHQWLDWLRQ LQWR P\RWXEHV XVLQJ HLWKHU +SUW KRXVHNHHSLQJ JHQH RU 0\K GLIIHUHQWLDWLRQ          
PDUNHU VHH )LJ 6 DV FRQWUROV IRU QRUPDOLVDWLRQ VKRZLQJ WKDW WKHVH GLIIHUHQFHV FDQQRW EH             
DFFRXQWHG IRU E\ DQ\ YDU\LQJ OHYHOV RI GLIIHUHQWLDWLRQ EHWZHHQ :7 DQG PXWDQW FORQHV )LJ             
6( 7KLV LV FRQVLVWHQW ZLWK SUHYLRXV HYLGHQFH RI QRQVHQVH PHGLDWHG GHFD\ IRU WKLV            
WUDQVFULSW IRXQG LQ WKH PRXVH N\ PXWDQW %ODQFR HW DO   7KHVH .\GHILFLHQW FORQHV             
ZHUHWKHQVHOHFWHGIRUIXUWKHUDQDO\VHV
*LYHQ WKDW )OQF LV RQO\ H[SUHVVHG LQ GLIIHUHQWLDWHG FHOOV 'DONLOLF HW DO  DQG N\ LV DOVR                
KLJKO\ H[SUHVVHG LQ WKHVH FRQGLWLRQV %DNHU HW DO  DQDO\VHV RI &$6$ IDFWRUV ZDV             
IRFXVHG RQ P\RWXEHV :H WHVWHG WKH H[SUHVVLRQ RI %DJ +VSE &KLS DQG WKH PDLQ &$6$              
FOLHQW )OQF  )RU T573&5 DVVD\V JHQHV WKDW DUH FRQVLVWHQWO\ H[SUHVVHG WKURXJKRXW          
GLIIHUHQWLDWLRQ ZHUH QRUPDOLVHG WR +SUW  +RZHYHU GLIIHUHQWLDWLRQ LQ FXOWXUH SDUWLFXODUO\ WKH          
OHQJWK RI WLPH UHTXLUHG IRU P\RWXEH IRUPDWLRQ LV LQIOXHQFHG E\ D QXPEHU RI IDFWRUV HJ              
QXPEHU RI SDVVDJHV IODVN VL]H FRDWLQJ 7R PLQLPL]H WKH HIIHFW RI WKH GLIIHUHQWLDWLRQ OHYHO DV              
D FRQIRXQGLQJ IDFWRU LQ RXU PHDVXUHPHQWV RI WDUJHW JHQHV UHODWLYH H[SUHVVLRQ ZH XVHG DQ             
LQGLFDWRU RI WKH VWDWH RI GLIIHUHQWLDWLRQ 0\K DV LQWHUQDO QRUPDOL]DWLRQ PDUNHU IRU )OQF            
T573&5 UHVXOWV UHYHDOHG D FRQVLVWHQW WUHQG WRZDUGV HOHYDWHG H[SUHVVLRQ RI &$6$          
FRPSRQHQWV ZLWK DOO PXWDQW OLQHV VKRZLQJ KLJKHU PHDQV IRU DOO FRPSRQHQWV UHDFKLQJ           
VLJQLILFDQFH IRU )OQF FORQH '  +VSE FORQH ' DQG %DJ FORQH , )LJ  +RZHYHU WKH               
LQFRQVLVWHQF\ RI WKH VLJQLILFDQFH RI WKHVH WUHQGV EHWZHHQ FORQHV SUHYHQWV WKHVH          
REVHUYDWLRQVIURPEHLQJFRQFOXVLYH

0XWDJHQHVLVRIN\LQ]HEUDILVKYLD&5,635&DVJHQRPHHGLWLQJ
$ ]HEUDILVK RUWKRORJ RI N\ (QVHPEO (16'$5* LV ORFDWHG RQ FKURPRVRPH          
 $ W%/$67Q TXHU\ RI WKH ]HEUDILVK QXFOHRWLGH GDWDEDVH ZLWK WKH PRXVH .< SURWHLQ             
UHWULHYHG RQO\ WKH DQQRWDWHG ]HEUDILVK N\ LQGLFDWLQJ WKDW QR RWKHU SXWDWLYH RUWKRORJ H[LVWV LQ             
WKH ]HEUDILVK JHQRPH &RQVLVWHQW ZLWK WKLV RXU UHVXOWV XVLQJ +00(5 )LQQ HW DO   D              
KRPRORJ\ VHDUFK VRIWZDUH GHVLJQHG WR GHWHFW UHPRWH KRPRORJV WR TXHU\ WKH PRXVH           
JHQRPH ZLWK WKH SXWDWLYH ]HEUDILVK N\ VHTXHQFH UHWXUQHG PXULQH .< DV WKH WRS UHVXOW LQ WKH               
PRXVH SURWHLQ GDWDEDVH ([SUHVVLRQ RI WKH N\ RUWKRORJ LQ ]HEUDILVK ZDV DQDO\VHG LQ WKH             
HPEU\R DQG DGXOW WLVVXHV E\ HQGSRLQW 573&5 ([SUHVVLRQ ZDV GHWHFWHG LQ DGXOW VNHOHWDO            
PXVFOH EXW QRW LQ RWKHU DGXOW WLVVXHV RU HDUO\ HPEU\RQLF VWDJHV )LJ $  T573&5 GHWHFWHG              
H[SUHVVLRQ RI N\ IURP GSI DQG KLJKHU OHYHOV RI H[SUHVVLRQ LQ DGXOW VNHOHWDO PXVFOH  )LJ %                
7KHVH UHVXOWV DUH FRQVLVWHQW ZLWK WKH PXVFOH VSHFLILF H[SUHVVLRQ SUHYLRXVO\ UHSRUWHG IRU WKH            
PRXVH N\JHQH %ODQFRHWDO 
*HQH WDUJHWLQJ RI ]HEUDILVK N\ ZDV FDUULHG RXW XVLQJ D J51$ GLUHFWHG DJDLQVW H[RQ   )LJ               
&  WKDW ZDV JHQHUDWHG E\ DQ DQQHDOHGH[WHQGHG ROLJR WHPSODWH PHWKRG 1DND\DPD HW DO            
  7KH J51$ ZDV FRLQMHFWHG ZLWK SXULILHG &DV SURWHLQ LQWR IHUWLOLVHG HPEU\RV DW WKH               
FHOO VWDJHV 7KH HIILFLHQF\ RI JHQH WDUJHWLQJ ZDV DVVD\HG DW KSI XVLQJ KHWHURGXSOH[            
DQDO\VHV RI 3&5 DPSOLFRQV IURP LQGLYLGXDO HPEU\RV FRQILUPLQJ WKH SUHVHQFH RI VHTXHQFH           
YDULDQWV &KLPHULF ) ]HEUDILVK ZHUH RXWFURVVHG WR ZLOG W\SH ILVK WR SURGXFH ) RIIVSULQJ             
FDUU\LQJ GHILQHG KHWHUR]\JRXV PXWDWLRQV LQ N\ +HWHUR]\JRXV ILVK FDUU\LQJ VSHFLILF PXWDWLRQV          
ZHUH VHOHFWHG IRU LQFURVVHV WR SURGXFH KRPR]\JRXV PXWDQW ILVK $ GLVUXSWLYH PXWDWLRQ ES            
GHOHWLRQ DQG D QRQ GLVUXSWLYH RQH ES GHOHWLRQ ERWK RFFXUULQJ DW FRGRQV  ZLWKLQ             
H[RQ )LJ' ZHUHXVHGWRJHQHUDWHKRPR]\JRXV]HEUDILVKOLQHVIRUIXUWKHUDQDO\VHV

T573&5 VKRZHG D VLJQLILFDQW IROG UHGXFWLRQ LQ N\ WUDQVFULSW OHYHOV LQ ES GHOHWLRQ ILVK             
PXVFOH DW  PRQWKV FRPSDUHG WR :7  )LJ '  LQGLFDWLQJ GHJUDGDWLRQ RI PXWDQW WUDQVFULSW E\              
QRQVHQVH PHGLDWHG GHFD\ 1R VLJQLILFDQW GLIIHUHQFH ZDV REVHUYHG LQ WKH WUDQVFULSW OHYHOV RI            
ESGHOHWLRQDQG:7 )LJ' 7KHGLVUXSWLYHDOOHOHZDVJLYHQWKH=),1GHVLJQDWLRQ N\\R 

8SUHJXODWLRQRIVRPH&$6$FRPSRQHQWVLQN\ \R N\\R ]HEUDILVK
'HYHORSPHQW RI PXVFOH LQ N\\R N\\R ]HEUDILVK HPEU\RV LV QRUPDO FRQVLVWHQW ZLWK WKH           
ODWHHPEU\RQLF RQVHW RI N\ H[SUHVVLRQ DQG DGXOWV DUH YLDEOH DQG IHUWLOH 1R PRUSKRORJLFDO            
GLIIHUHQFHV ZHUH REVHUYHG LQ N\\R N\\R MXYHQLOH ILVK    PRQWKV ROG ZLWK OHQJWK KHLJKW DW               
DQWHULRU RI DQDO ILQ +$$ DQG WDLO DUHD DUHD EHWZHHQ +$$ OLQH DQG DQWHULRU ERXQGDU\ RI WKH                
WDLO ILQ QR GLIIHUHQW WR WKDW RI :7 ILVK )LJ $  6NHOHWDO PXVFOH LV PRUSKRORJLFDOO\ QRUPDO RQ                
+	( VWDLQHG FURVV VHFWLRQV )LJ %  *LYHQ WKDW N\N\ PLFH VKRZ D SURJUHVVLYH VKLIW WRZDUGV              
H[SUHVVLRQ RI VORZHU ILEUH W\SHV 0DUHFKDO HW DO   ZH DQDO\]HG WKH H[SUHVVLRQ RI W\SH ,               
ILEUHV LQ N\\R N\\R MXYHQLOH ILVK PXVFOHV E\ LPPXQRIOXRUHVFHQFH )LEUH W\SLQJ VKRZHG WKDW           
VORZ PXVFOH UHPDLQHG H[FOXVLYHO\ LQ WKH ODWHUDO UHJLRQ RI VNHOHWDO PXVFOH ERWK LQ :7 DQG              
N\\R N\\R ILVK  )LJ %  :H FRQFOXGH WKDW WKH DEVHQFH RI .< LQ ]HEUDILVK GRHV QRW KDYH WKH                
VDPH LPSDFW RQ PXVFOH PRUSKRORJ\ RU ILEUH W\SH DV VHHQ LQ N\ PXWDQW PLFH %ODQFR HW DO                
 RU LQ SDWLHQWV ZLWK N\ DVVRFLDWHG P\RSDWK\ +HGEHUJ2OGIRUV HW DO   +RZHYHU            
DQ DQDO\VLV LQWR WKH PROHFXODU HIIHFWV RI .< GHILFLHQF\ SURYLGHG VRPH HYLGHQFH RI IXQFWLRQDO             
FRQVHUYDWLRQ :H VKRZHG WKDW && GHULYHG P\RWXEHV H[SUHVVHG KLJKHU OHYHOV RI &$6$           
IDFWRUV LQ WKH DEVHQFH RI .<  VHH )LJ   WKHUHIRUH ZH WHVWHG ZKHWKHU WKH ]HEUDILVK RUWKRORJV               
RI EDJ DQG IOQF IOQFD DQG IOQFE  ZHUH VLPLODUO\ UHJXODWHG E\ .< ,Q )LJXUH   ZH VKRZ                
WUDQVFULSWLRQDO XSUHJXODWLRQ RI EDJ DQG IOQFE LQ N\\R N\\R ]HEUDILVK T573&5 DQDO\VLV RI           
N\\R N\\R PXWDQW ]HEUDILVK FRPSDUHG WR ZLOGW\SH VLEOLQJV UHYHDOV D VLJQLILFDQW LQFUHDVH RI           
EDJ DWPRQWKVDQG IOQFE DWGSIDQGPRQWKV

(PEU\RVODFNLQJN\VKRZLPSDLUHGPHFKDQRWUDQVGXFWLRQ
7R LQFUHDVH PHFKDQLFDO WHQVLRQ GSI HPEU\RV ZHUH PRYHG LQWR ( PHGLD VXSSOHPHQWHG           
ZLWK  PHWK\OFHOOXORVH 0( ZKLFK LQFUHDVHV YLVFRVLW\ DQG PDNHV LW PRUH GLIILFXOW IRU WKH             
ILVK WR VZLP &RPSDUHG WR XQPRGLILHG ( PHGLD :7 HPEU\RV VKRZ D VLJQLILFDQW LQFUHDVH LQ              
EDJ DQG IOQFD H[SUHVVLRQ ZKHQ UDLVHG LQ YLVFRXV PHGLD GHPRQVWUDWLQJ D UREXVW LQGXFWLRQ            
RI D VWUHVV UHVSRQVH LQYROYLQJ &$6$ FRPSRQHQWV XVLQJ WKLV PHWKRG  )LJ $  N\\R N\\R            
HPEU\RV VKRZ D VLJQLILFDQWO\ KLJKHU EDVHOLQH RI EDJ IOQFD DQG IOQFE H[SUHVVLRQ WKDQ :7             
ZKHQ VZLPPLQJ LQ QRUPDO PHGLD DQG QR IXUWKHU XSUHJXODWLRQ ZKHQ UDLVHG LQ YLVFRXV PHGLD             
)LJ $  7KHVH ILQGLQJV VXJJHVW WKDW WKH .<GHILFLHQF\ LQGXFHV D FRQVWLWXWLYH VWUHVV           
UHVSRQVH LQ ]HEUDILVK ODUYDH DQG UHYHDOV DQ LQDELOLW\ RI N\\R N\\R PXVFOH WR IXUWKHU DGDSW             
FHOOXODU VWUHVV UHVSRQVHV WR WKH FKDOOHQJH RI DGGLWLRQDO PHFKDQLFDO ORDG ([DPLQDWLRQ RI           
WUDQVYHUVH PXVFOH VHFWLRQV VKRZV QR GLIIHUHQFH LQ IDVWVORZ PXVFOH GLVWULEXWLRQ EHWZHHQ          
WUHDWPHQW JURXSV ZLWK VORZ PXVFOH UHPDLQLQJ DV D SHULSKHUDO FHOO OD\HU  )LJ %  7KLV             
LQGLFDWHV WKDW WUDQVFULSWLRQDO FKDQJHV FDQQRW EH DFFRXQWHG IRU E\ D VKLIW LQ PXVFOH ILEUH W\SH              
$GGLWLRQDOO\ ELUHIULQJHQFH DQDO\VLV VKRZV QR HYLGHQFH RI JURVV PXVFOH GDPDJH RU          
GHIRUPDWLRQ LQ DQ\ WUHDWPHQW JURXS  )LJ &  PHDQLQJ WKDW WKHVH WUDQVFULSWLRQDO FKDQJHV           
DQG WKH LQDELOLW\ RI N\\R N\\R HPEU\RV WR IXUWKHU XSUHJXODWH &$6$ FRPSRQHQWV DUH QRW            
VHFRQGDU\WRJURVVVWUXFWXUDOGDPDJH

%$*WXUQRYHULQWKHN\N\PRXVH
6LQFH WKH N\N\ PXWDQW PRXVH PRGHO GHPRQVWUDWHV RYHUW SDWKRORJ\ ZLWK PDUNHG VLPLODULW\ WR            
WKH KXPDQ P\RSDWK\ ZH VRXJKW WR H[DPLQH ZKHWKHU VLPLODU HYLGHQFH RI &$6$ GLVUXSWLRQ            
ZDV DSSDUHQW LQ WKLV PRGHO 7KH ('/ DQG VROHXV PXVFOHV ZHUH VHOHFWHG IRU WKHVH DQDO\VHV              
7KH ('/ LV UHODWLYHO\ QRQSDWKRORJLFDO FRPSDUHG WR WKH VHYHUHO\ G\VWURSKLF VROHXV %ULGJHV           
HW DO   DOORZLQJ D GLVWLQFWLRQ EHWZHHQ SULPDU\ EDVHOLQH HIIHFWV RI .<GHILFLHQF\ LQ WKH             
('/ DQG VHFRQGDU\ HIIHFWV REVHUYHG DW KLJK WHQVLRQ DQG LQ WKH FRQWH[W RI PXVFOH SDWKRORJ\              
LQWKHVROHXV

,QLWLDO H[SHULPHQWV ZHUH XQDEOH WR GHWHFW D GLIIHUHQFH LQ %$* SURWHLQ OHYHOV EHWZHHQ :7             
DQG N\N\ PXVFOH O\VDWHV H[WUDFWHG XVLQJ 5,3$ EXIIHU GDWD QRW VKRZQ 7KLV H[WUDFWLRQ ZDV             
RQO\ FDSDEOH RI H[WUDFWLQJ VROXEOH SURWHLQV DQG WKXV GLG QRW DOORZ WKH GHWHFWLRQ RI HOHYDWHG              
DPRXQWV RI LQVROXEOH RU F\WRVNHOHWRQDVVRFLDWHG SURWHLQV 6LQFH LPSDLUPHQWV WR &$6$ DUH          
OLNHO\ WR UHVXOW LQ HOHYDWHG OHYHOV RI WKHVH ODWWHU SURWHLQV WKH WRWDO PXVFOH H[WUDFW VDPSOH ZDV               
SURFHVVHG WR REWDLQ D F\WRVNHOHWDO IUDFWLRQ VHH 0HWKRGV IRU GHWDLOV ,Q WKLV DQDO\VLV            
HOHYDWHG OHYHOV RI F\WRVNHOHWRQDVVRFLDWHG %$* ZHUH REVHUYHG LQ WKH VROHXV PXVFOH RI           
N\N\ PLFH FRPSDUHG WR :7  )LJ  $%  &RQVLVWHQW ZLWK WKH LQLWLDO REVHUYDWLRQV XVLQJ 5,3$              
EXIIHU WKHUH ZDV QR VLJQLILFDQW LQFUHDVH LQ WKH DPRXQW RI VROXEOH %$* LQ WKH VROHXV 7KLV               
VXJJHVWV WKDW DQ LQFUHDVHG SURSRUWLRQ RI %$* SURWHLQ LV DVVRFLDWHG ZLWK WKH F\WRVNHOHWRQ LQ             
WKH N\N\ VROHXV FRPSDUHG WR :7 7KH QRQDWURSKLF ('/ VKRZHG QR LQGLFDWLRQ RI HOHYDWHG             
VROXEOHRUF\WRVNHOHWDO%$* )LJ$%
([DPLQDWLRQ RI %DJ P51$ OHYHOV VKRZV D VLJQLILFDQW LQFUHDVH LQ WKH ('/ EXW QRW LQ WKH               
VROHXV  )LJ &  7KLV LQGLFDWHV WKDW WKH HOHYDWHG DPRXQW RI F\WRVNHOHWDO %$* SURWHLQ LQ WKH              
VROHXV PD\ QRW EH DFFRXQWHG IRU E\ HOHYDWHG P51$ OHYHOV EXW LV LQVWHDG LQGLFDWLYH RI              
UHGXFHG RU LQHIILFLHQW WXUQRYHU ,Q FRQWUDVW WKH FRPSDUDEOH %$* SURWHLQ OHYHOV EHWZHHQ           
N\N\ DQG :7 ('/  )LJ $  FRPELQHG ZLWK HOHYDWHG P51$ LQ N\N\ ('/  )LJ &  LQGLFDWHV               
WKDW%$*WXUQRYHULVHOHYDWHGLQWKHPXWDQW('/WLVVXH

,QFUHDVHGLPPXQRUHDFWLYLW\IRU%$*DQG)/1&LQWKHN\N\VROHXV
,PPXQRIOXRUHVFHQFH H[SHULPHQWV ZHUH SHUIRUPHG WR YLVXDOLVH WKH OHYHOV DQG ORFDOLVDWLRQ RI          
%$* DQG )/1& LQ N\N\ DQG :7 VROHXV ORQJLWXGLQDO VHFWLRQV %RWK %$* DQG )/1&             
VKRZHG LQFUHDVHG UHDFWLYLW\ LQ D VXEVHW RI ILEHUV LQ WKH N\N\ PXWDQW 7KRVH ILEUHV VKRZLQJ              
SDUWLFXODUO\ KLJK OHYHOV RI %$* DOVR VKRZHG VLPLODUO\ HOHYDWHG )/1&  )LJ $  7KH SURWHLQV             
UHPDLQHG SULPDULO\ FRORFDOLVHG LQ D VWULDWHG SDWWHUQ SUHVXPDEO\ WKH =GLVF 7KLV LV           
FRQVLVWHQW ZLWK DQ LQFUHDVHG SURSRUWLRQ RI F\WRVNHOHWDODVVRFLDWHG %$*  )LJ $  T573&5          
ZDV SHUIRUPHG WR H[SORUH ZKHWKHU WKLV LQFUHDVHG LPPXQRUHDFWLYLW\ UHSUHVHQWHG DQ LQFUHDVH          
LQ )OQF WUDQVFULSWLRQ 1R VLJQLILFDQW LQFUHDVH LQ )OQF WUDQVFULSW ZDV GHWHFWHG EHWZHHQ :7 DQG             
N\N\ WLVVXHV  )LJ %  7KH XQFKDQJHG )OQF WUDQVFULSW OHYHOV LQ FRQWUDVW WR WKH LQFUHDVHG             
UHDFWLYLW\ RI )/1& DQWLERGLHV RQ N\N\ VROHXV VHFWLRQV FRXOG EH H[SODLQHG E\ D ORZHU             
WXUQRYHU RI )/1& SURWHLQ LQ WKH N\N\ VROHXV +RZHYHU WKLV FRXOG QRW EH FRQILUPHG RQ              
ZHVWHUQ EORWV ZLWK WKH VDPH IOQF DQWLERGLHV 55 GXH WR LQFRQVLVWHQW SHUIRUPDQFH RI WKHVH             
DQWLERGLHVRQWKLVDSSOLFDWLRQ

',6&866,21
'LVUXSWLYH PXWDWLRQV LQ WKH .\ JHQH UHVXOW LQ RYHUW PXVFOH SDWKRORJ\ LQ PLFH %ULGJHV HW DO               
 DQG KXPDQV +HGEHUJ2OGIRUV HW DO  6WUDXVVEHUJ HW DO  <RJHY HW DO             
  ,PSDLUHG )/1& WXUQRYHU LV D FRPPRQ UHSRUWHG PROHFXODU SKHQRW\SH LQ PLFH DQG            
KXPDQ ZKLFK SRWHQWLDOO\ LPSOLFDWH &$6$ LQ WKH SDWKRJHQLF PHFKDQLVP ,Q WKLV VWXG\ ZH            
KDYH GHVFULEHG WKH JHQHUDWLRQ RI QRYHO && GHULYHG P\REODVW DQG ]HEUDILVK PRGHOV RI            
.\GHILFLHQF\ 6LJQLILFDQW %DJ XSUHJXODWLRQ ZDV REVHUYHG LQ WKH N\ KRPR]\JRXV ]HEUDILVK          
DW  PRQWKV DQG LQ WKH GSI HPEU\RV DQG LQ WKH VROHXV RI WKH N\N\ PLFH  (YLGHQFH RI &$6$                   
XSUHJXODWLRQ ZDV DOVR DSSDUHQW LQ WKH ('/ PXVFOH RI WKH N\N\ PLFH ZLWK HOHYDWHG             
WUDQVFULSWLRQRI %DJ ZLWKQRLQFUHDVHLQSURWHLQOHYHOVLQGLFDWLQJHOHYDWHG%$*WXUQRYHU

7KH GLVUXSWLRQ WR N\ H[SUHVVLRQ LQ ]HEUDILVK DORQH ZDV QRW VXIILFLHQW WR LQGXFH RYHUW VLJQV RI               
SDWKRORJ\ LQ DGXOW RU HPEU\RQLF WLVVXH HLWKHU XQGHU QRUPDO FRQGLWLRQV RU DIWHU           
PHWK\OFHOOXORVH FKDOOHQJH *LYHQ WKDW .<GHILFLHQW SDWKRORJ\ LQ PLFH DQG KXPDQV RFFXUV          
SULPDULO\ LQ PXVFOHV ZKLFK H[SHULHQFH FRQVLVWHQW OHYHOV RI KLJK WHQVLRQ WKLV GLVSDULW\ PD\ EH             
DW OHDVW SDUWO\ H[SODLQHG E\ WKH IDFW WKDW ]HEUDILVK PXVFOHV GR QRW H[SHULHQFH WKH VDPH              
JUDYLWDWLRQDO VWUHVVHV +RZHYHU XQFKDOOHQJHG N\\R N\\R HPEU\RV VKRZHG D WUDQVFULSWLRQDO        
SURILOH FRPSDUDEOH WR PHWK\OFHOOXORVH WUHDWHG :7 FRQWUROV VXJJHVWLQJ WKH FRQVWLWXWLYH         
WUDQVFULSWLRQDO XSUHJXODWLRQ RI &$6$ FRPSRQHQWV ZKHQ GHILFLHQW LQ N\ HYHQ LQ WKH DEVHQFH            
RI VXVWDLQHG WHQVLRQ RU LQGLFDWRUV RI VWUXFWXUDO GDPDJH 7KLV SKHQRW\SH LV SDUWLFXODUO\           
UHPDUNDEOH FRQVLGHULQJ WKDW WKH RQVHW RI N\ H[SUHVVLRQ RFFXUV RQO\ DSSUR[LPDWHO\  KRXUV            
SULRU WR WKLV DQDO\VLV :H FDQQRW UXOH RXW W KDW RWKHU WHVWV HJ HOHFWURQ PLFURVFRS\             
H[SUHVVLRQ RI HPEU\RQLF P\RVLQ LVRIRUP LQ DGXOW PXVFOH DV REVHUYHG LQ KXPDQ SDWLHQWV            
+HGEHUJ2OGIRUV HW DO   PLJKW UHYHDO P\RSDWKLF SKHQRW\SHV LQ WKH HPEU\RQLF          
]HEUDILVK PRGHO /LNHZLVH H[SHULPHQWV FKDOOHQJLQJ DGXOW N\\R N\\R ]HEUDILVK PXVFOH PD\         
DOVRUHYHDOP\RSDWKLFSKHQRW\SHV

7KLV ODFN RI RYHUW P\RSDWK\ LQ WKH N\\R N\\R PRGHO LV VRPHZKDW PLUURUHG E\ WKH IDFW WKDW WKH                
N\N\ PRXVH ('/ D IDVW WZLWFK PXVFOH ZKLFK RQO\ H[SHULHQFHV WHQVLRQ VSRUDGLFDOO\ LV            
ODUJHO\ VSDUHG E\ WKH SDWKRORJ\ 7KLV VXJJHVWV WKDW XSUHJXODWLRQ RI &$6$ FRPSRQHQWV LQ WKH             
]HEUDILVK DQG VSDUHG N\N\ PRXVH ('/ DQG WKH WUHQG RI XSUHJXODWLRQ LQ WKH P\REODVWV             
PRGHOV UHSUHVHQW D SULPDU\ HIIHFW RI WKH DEVHQFH RI .< UDWKHU WKDQ D GRZQVWUHDP             
FRQVHTXHQFH RI P\RSDWK\  ,Q FRQWUDVW WR WKH ('/ PXVFOH WKH N\N\ PRXVH VROHXV            
H[SHULHQFHV FRQVLVWHQW KLJK WHQVLRQ DQG GLVSOD\V WKH PRVW RYHUW SDWKRORJ\ LQFOXGLQJ          
DWURSK\ G\VWURSKLF FKDQJHV DQG VDUFRPHULF GDPDJH %ULGJHV HW DO   7KH DSSDUHQW           
DFFXPXODWLRQ RI F\WRVNHOHWDO %$* ZLWK QR HYLGHQW LQFUHDVH LQ %DJ WUDQVFULSWLRQ ZRXOG           
VXJJHVW WKDW LQ WKH DEVHQFH RI .< SURWHLQ WXUQRYHU LQ WKH WRQLFDOO\ DFWLYH VROHXV LV LPSDLUHG               
$FFXPXODWLRQ RI XELTXLWLQDWHG SURWHLQV LQ PRXVH N\N\ PXVFOHV  )LJXUH 6  LV DOVR FRQVLVWHQW            
ZLWK WKH QRWLRQ RI D UROH IRU .< LQ IDFLOLWDWLQJ SURWHLQ WXUQRYHU 2XU UHVXOWV GR QRW GLVWLQJXLVK                
ZKHWKHU WKH DEVHQFH RI .< DIIHFWV &$6$ FRPSOH[ VROXELOLVDWLRQ RU WKH &$6$ PHFKDQLVP LV             
VLPSO\ RYHUZKHOPHG E\ WKH RYHUDUFKLQJ SDWKRORJLFDO GDPDJH 7KLV SKHQRW\SH LV PLUURUHG E\           
WKH LQDELOLW\ RI N\ \R N\\R ]HEUDILVK HPEU\RV WR IXUWKHU XSUHJXODWH EDJ IOQFD DQG IOQFE LQ             
UHVSRQVH WR PHFKDQLFDO FKDOOHQJH LQ YLVFRXV PHGLD LQGLFDWLQJ HLWKHU WKDW WKH FRQVWLWXWLYH           
XSUHJXODWLRQ RI WKHVH JHQHV LV DOUHDG\ PD[LPLVHG SUHYHQWLQJ WKH WUDQVODWLRQ RI LQFUHDVHG           
PHFKDQLFDO FKDOOHQJH LQWR WKLV SDWKZD\ RU WKDW WKH PHFKDQRWUDQVGXFWLRQ PHFKDQLVP LWVHOI LV           
LPSDLUHG $ UROH IRU .< LQ PHFKDQRWUDQVGXFWLRQ KDV DOUHDG\ EHHQ SURSRVHG EDVHG RQ DQ             
LQDELOLW\ RI N\N\ PLFH WR XQGHUJR FRPSHQVDWRU\ K\SHUWURSK\ LQ UHVSRQVH WR VXUJLFDO           
RYHUORDGLQJ %ODQFRHWDO  

7KRXJK WUDQVFULSWLRQDO XSUHJXODWLRQ RI &$6$ FRPSRQHQWV DSSHDUV WR EH D FRQVLVWHQW HDUO\           
PROHFXODU KDOOPDUN DFURVV WKH PRGHOV H[DPLQHG H[DFWO\ KRZ WKLV UHODWHV WR WKH PROHFXODU            
IXQFWLRQ RI .< DQG WKH SDWKRJHQLF PHFKDQLVP LV XQFOHDU 7KH UHODWLRQVKLS EHWZHHQ           
DXWRSKDJ\ DQG PXVFOH LQWHJULW\ LV FRPSOH[ ZLWK XSUHJXODWLRQ DQG GRZQUHJXODWLRQ RI          
DXWRSKDJ\ FRQWULEXWLQJ WR P\RSDWK\ LQ GLIIHUHQW FRQWH[WV IRU D UHYLHZ RQ DXWRSKDJ\           
GLVUXSWLRQ LPSDFWLQJ PXVFOH LQWHJULW\ VHH -RNO DQG %ODQFR   +RZ PXFK WKH &$6$            
PHFKDQLVP FRQWULEXWHV RYHUDOO WR VNHOHWDO PXVFOH PDFURDXWRSKDJ\ UHPDLQV XQFKDUDFWHULVHG        
SDUWLFXODUO\ JLYHQ )/1& LV WKH RQO\ FOLHQW LGHQWLILHG LQ WKLV FRQWH[W ([DPLQDWLRQ RI            
PDFURDXWRSKDJ\ IORZ DQG VLJQDOOLQJ LQ WKH DEVHQFH RI .< ZRXOG EH KLJKO\ LQIRUPDWLYH LQ WKLV              
UHJDUG (OHYDWHG DXWRSKDJ\ LQ N\N\ PXVFOHV PD\ DFFRXQW IRU WKH UHGXFHG PXVFOH WR ERG\             
PDVV UDWLRV REVHUYHG LQ N\N\ PLFH DQG VXEVHTXHQWO\ WKH VXVFHSWLELOLW\ RI WRQLFDOO\ DFWLYH            
PXVFOHV WR VWUXFWXUDO GDPDJH DQG DWURSK\ $GGLWLRQDOO\ %$* LV SURSRVHG WR KDYH D UROH LQ              
F\WRVNHOHWDO VWDELOLVDWLRQ E\ IDFLOLWDWLQJ FRUUHFW ORFDOLVDWLRQ RI &$3= DQ DFWLQFDSSLQJ SURWHLQ          
+LVKL\D HW DO   ,I .< KDV D IXQFWLRQ LQ WKLV SURFHVV UHGXFHG VWUXFWXUDO VWDELOLW\ LQ LWV                
DEVHQFHPD\DFFRXQWIRUWKHLQGXFWLRQRIFHOOVWUHVV

2XU GDWD DUH FRQVLVWHQW ZLWK WKH K\SRWKHVLV WKDW XSUHJXODWLRQ RI &$6$ FRPSRQHQW           
WUDQVFULSWLRQ LV D SULPDU\ FRPSHQVDWRU\ PHFKDQLVP LQ UHVSRQVH WR .< GHILFLHQF\ 7KLV           
DOORZV ORZWHQVLRQ PXVFOHV WR HIIHFWLYHO\ PDQDJH HQGRJHQRXV OHYHOV RI WHQVLRQ ZLWKRXW WKH           
HPHUJHQFH RI SDWKRORJ\ EXW LV LQVXIILFLHQW WR PHHW WKH GHPDQGV RI KLJKWHQVLRQ WRQLFDOO\            
DFWLYH PXVFOH +RZHYHU IXUWKHU HYLGHQFH LV UHTXLUHG WR OLQN .< GLUHFWO\ WR WKH &$6$             
PHFKDQLVPRUWRGHPRQVWUDWHVRPHRWKHUIXQFWLRQLQVNHOHWDOPXVFOHPDLQWHQDQFH

0$7(5,$/6$1'0(7+2'6
$QLPDOUHVHDUFKHWKLFV
$OO DQLPDO SURFHGXUHV KDYH EHHQ FDUULHG ZLWK DSSURYDO IURP WKH 8QLYHUVLW\ RI <RUN (WKLFV             
FRPPLWWHH DQG IROORZHG WKH 8. $QLPDOV 6FLHQWLILF 3URFHGXUHV $FW  $PHQGPHQW          
5HJXODWLRQV  SHUIRUPHG E\ XQGHU SURMHFW OLFHQVHV 33/  PLFH DQG 33/           
]HEUDILVKZLWKLQDQDSSURYHGHVWDEOLVKPHQWOLFHQFH

.\GHILFLHQWFHOOOLQHJHQHUDWLRQ
3[ SODVPLG S6S&DV%%$3XUR $GGJHQH 5DQ HW DO  ZDV PRGLILHG E\ WKH           
LQVHUWLRQ RI DQQHDOHG SKRVSKRU\ODWHG ROLJRQXFOHRWLGHV ) FDFFWFDWFJWJFDFWFFJDJDDJ DQG       
5 DDDFFWWFWFJJDJWJFDFJDWJD  FRQWDLQLQJ WKH .\ WDUJHW VHTXHQFH LQWR WKH VLWH FUHDWHG E\           
$JH, GLJHVWLRQ RI WKH SODVPLG && P\REODVWV ZHUH WUDQVIHFWHG ZLWK WKH PRGLILHG 3[            
SODVPLG XVLQJ *HQ-HW ,Q 9LWUR '1$ 7UDQVIHFWLRQ UHDJHQW IRU && FHOOV IROORZLQJ           
PDQXIDFWXUHU
V LQVWUXFWLRQV 6/&& 7R WHVW FRQVWUXFW PXWDJHQLF FDSDFLW\       
SXURP\FLQ UHVLVWDQW FHOOV VHOHFWHG HQ PDVVH ZHUH KDUYHVWHG O\VHG DQG WKH WDUJHW UHJLRQ            
DPSOLILHG E\ 3&5 ) JJJJFFDWWWJFDJFFWD DQG 5 FJJDJDJJWWFJJDWWDJFF  3&5 SURGXFWV ZHUH          
LQFXEDWHG DW  & IRU KU ZLWK 7 (QGRQXFOHDVH , ZLWK FOHDYDJH DW WKH WDUJHW VLWH LQGLFDWLQJ               
VXFFHVVIXO PXWDJHQHVLV ,QGLYLGXDO FORQHV ZHUH LVRODWHG E\ GLOXWLRQ IROORZLQJ DQRWKHU URXQG          
RI FRQVWUXFW WUDQVIHFWLRQ DQG SXURP\FLQ VHOHFWLRQ &ORQHV ZHUH WHVWHG IRU PXWDJHQHVLV E\           
VFUHHQLQJ IRU KHWHURGXSOH[ IRUPDWLRQ LQ DQQHDOHG :7 DQG FORQH 3&5 DPSOLFRQV UXQ RQ              
3$*( =KX HW DO   $OOHOHV ZHUH WKHQ FKDUDFWHULVHG E\ 7$FORQLQJ RI 3&5 SURGXFWV             
XVLQJ D 7$ &ORQLQJ NLW 7KHUPR 6FLHQWLILF DQG 6DQJHU VHTXHQFLQJ &ORQHV SUHGLFWHG WR KDYH             
WZR GLVUXSWLYH DOOHOHV ' , DQG . ZHUH FDUULHG IRUZDUG IRU DQDO\VLV DQG YDOLGDWHG E\              
T573&5)LJ6 

T573&5
)RU P\RWXEHV FORQHV ZHUH JURZQ WR FRQIOXHQF\ LQ  ZHOO SODWHV EHIRUH VZLWFKLQJ WR             
GLIIHUHQWLDWLRQ PHGLD  VHUXP  8PO 3HQLFLOOLQ ȝJPO 6WUHSWRP\FLQ ȝJPO         
)XQJL]RQH *LEFR LQ '0(0 &HOOV ZHUH DOORZHG WR GLIIHUHQWLDWH IRU  GD\V 3URJUHVV            
WKURXJK GLIIHUHQWLDWLRQ ZDV FRQILUPHG YLVXDOO\ E\ OLJKW PLFURVFRS\ 0\RWXEHV ZHUH ZDVKHG          
WKUHH WLPHV LQ LFH FROG 3%6 EHIRUH WKH DGGLWLRQ RI 75,=2/ ,QYLWURJHQ DQG KDUYHVWLQJ E\              
VFUDSLQJ SRROLQJ  ZHOOV SHU ELRORJLFDO UHSOLFDWH IRU D WRWDO RI WKUHH ELRORJLFDO UHSOLFDWHV )RU              
]HEUDILVK DQG PLFH WLVVXHV ZHUH VQDS IUR]HQ DQG JURXQG XQGHU OLTXLG QLWURJHQ SULRU WR             
DGGLWLRQ RI 75,=2/ N\N\ DQG FRQWURO &++H+ PLFH ZHUH  ZHHN ROG PDOHV EXW QRW DOO               
OLWWHUPDWHV =HEUDILVK HPEU\RV ZHUH PHFKDQLFDOO\ KRPRJHQLVHG LQ D GRXQFH KRPRJHQLVHU         
GLUHFWO\ LQ 75,=2/ 51$ ZDV H[WUDFWHG XVLQJ WKH PDQXIDFWXUHU¶V SURWRFRO DQG FRQYHUWHG WR            
F'1$ XVLQJ 5HDG\6FULSW F'1$ V\QWKHVLV PL[ 6LJPD T573&5 ZDV SHUIRUPHG RQ DQ $%,            
6WHS2QH3OXV T3&5 PDFKLQH XVLQJ  [ 6<%5 *UHHQ T3&5 PDVWHU PL[ $SSOLHG           
%LRV\VWHPV )ROG FKDQJH ZDV FDOFXODWHG XVLQJ WKH ''&W PHWKRG /LYDN DQG 6FKPLWWJHQ           
 XVLQJ HLWKHU KSUW RU P\K PLFH &&V RU HID ]HEUDILVK DV WKH FRQWURO JHQH              
0RXVH SULPHUV XVHG ZHUH +SUW )JWWJJDWDFDJJFFDJDFWWWJWW DQG 5 JDWWFDDFWWJFJFWFDWFWWDJJ        
&DVVHO HW DO   )OQF ) FFWWDFWFJFFFWWFFJFDWFFDW DQG 5 FWFJJJDJFWJWJWDJWDJDWJWF         
&KHYHVVLHU HW DO   %DJ ) DWJJDFFWJDJFJDWFWFD DQG 5 FDFJJJJDWJJJJDWJWD         
5XVPLQL HW DO   0\K ) DFFFWFDJJWJJFWFFJDJD DQG 5 WJFDJFFFFDDDWJFDJFFD         
$QGHUVRQ HW DO   &KLS6WXE ) FJFDDJJDFDWWJDJJDJFD DQG 5 WDJWFFWFWDFFFDJFFJWW         
+VSE ) JFDDWJDDDWFDWFDJFWJJF DQG 5 JJJWWJFDJDFWWWFWFFDJW  .\ )       
DFDJFDWJWDFFDFDDJDJWJDD DQG 5 WFWFJDWJJWJDWWJWJJFWWW =HEUDILVK SULPHUV XVHG ZHUH HID        
) FWJJDJJFFDJFWFDDDFDW DQG 5 DWFDDJDDJDJWDJWDFFJFWDJFDW 7DQJ HW DO   EDJ )          
WJFFFDWWFDJDWWFDDFDJ DQG 5 JJFWJFWJWJWDJJWWJWWJ IOQFD ) FFWWFJWJJJWFDJDDJDDF DQG 5        
JJDJWWFWDJJDFFJWJJDF 6ROFKHQEHUJHU HW DO   IOQFE )JJFFFWDFDDDJWJJDFDWF DQG 5        
FWWFDDDFFDJJFFFDWDDJ 6ROFKHQEHUJHU HW DO   N\ ) WJDFFFWFDWDFDWFFFDDJF DQG 5         
JDJFWFFWJWFWJJJJDWFD 

*HQHUDWLRQRIWKHN\ \R ]HEUDILVKOLQH
VJ51$ WDUJHWLQJ WKH N\ RUWKRORJXH V\QWKHVLVHG LQ YLWUR XVLQJ DQ DQQHDOHG ROLJRQXFOHRWLGH           
WHPSODWH DV LQ 1DND\DPD HW DO   ZLWK D 0(*$VKRUWVFULSW 63 WUDQVFULSWLRQ NLW            
$PELRQ ) WDDWDFJDFWFDFWDWDJJJDJJJJWWWFDFDDWFWFFWFWJWWWWDJDJFWDJDDDWDJFDD DQG 5    
DDDDJFDFFJDFWFJJWJFFDFWWWWWFDDJWWJDWDDFJJDFWDJFFWWDWWWWDDFWWJFWDWWWFWDJFWFWDDDDF /RQGRQ 
:LOG7\SH /:7 ]HEUDILVK HPEU\RV ZHUH FRLQMHFWHG ZLWK QJ UHFRPELQDQW &DV SURWHLQ          
DQG SJ VJ51$ DW WKH  FHOO VWDJH LQWR WKH \RON SUR[LPDO WR WKH FHOO ERG\ 7KH N\                 
WDUJHW UHJLRQ IURP HPEU\RV DQG ILQ FOLSV ZDV DPSOLILHG E\ 3&5 ) DJFFDFFDDWFDJDDJDDJFD            
DQG 5 JWJWWDJFDFDJDJWJFDFDD  DQG VFUHHQHG YLD WKH KLJK SHUFHQWDJH 3$*( DVVD\ DV           
GHVFULEHG DERYH DQG E\ 6DQJHU VHTXHQFLQJ 7KLV VDPH DVVD\ ZDV SHUIRUPHG IRU           
JHQRW\SLQJ LQ WKH PXWDQW OLQHV 2IIWDUJHW VFUHHQLQJ XVLQJ DJSDW  LGHQWLILHG DV WKH FORVHVW             
PDWFK WR WKH N\ WDUJHW VHTXHQFH E\ %/$67 DOLJQPHQW  VKRZHG QR HYLGHQFH RI PXWDJHQHVLV              
LQ WKH VDPH DVVD\V IURP 3&5 SURGXFWV DPSOLILHG DURXQG WKH SRWHQWLDO RIIWDUJHW VLWH )             
WJJDFFDWJDWWFDDFWJFFF DQG 5 DJFWDFDFWJWWFWJFWFFJ ) ILVK ZHUH RXWFURVVHG WR :7 /:7V          
WR SURGXFH KHWHUR]\JRXV ILVK DOORZLQJ GHWHUPLQDWLRQ RI PXWDQW DOOHOHV E\ VXEWUDFWLRQ RI WKH            
:7 DOOHOH IURP 6DQJHU VHTXHQFLQJ EDVHFDOOV +HWHUR]\JRWHV FDUU\LQJ WKH ES GHOHWLRQ RU WKH            
ES GHOHWLRQ  N\\R DOOHOH ZHUH LQFURVVHG WR SURGXFH KRPR]\JRXV PXWDQWV )RU WKH           
PHWK\OFHOOXORVH H[SHULPHQWV LQFURVVLQJ RI KRPR]\JRXV PXWDQW ILVK ZDV SHUIRUPHG WR         
SURGXFHDOO N\\R N\\R RIIVSULQJZLWKDSDUDOOHO:7LQFURVVIRUWKHFRQWUROFRKRUW

:HVWHUQ%ORWV
0LFH XVHG ZHUH  ZHHNV ROG 3DLUHG N\N\ DQG FRQWUROV ZHUH JHQGHUPDWFKHG OLWWHUPDWHV            
3URWHLQ IUDFWLRQV ZHUH LVRODWHG IURP IUHVKO\ GLVVHFWHG PXVFOH WLVVXH XVLQJ D 6XEFHOOXODU           
3URWHLQ )UDFWLRQDWLRQ .LW )RU 7LVVXHV 7KHUPR 6FLHQWLILF  IROORZLQJ WKH PDQXIDFWXUHU¶V          
SURWRFRO 6DPSOHV ZHUH FRPELQHG ZLWK [ 1X3$*( /'6 EXIIHU ,QYLWURJHQ 13 DQG           
[ 1X3$*( VDPSOH UHGXFLQJ DJHQW ,QYLWURJHQ 13 DQG KHDWHG WR  & IRU  PLQXWHV             
SULRU WR ORDGLQJ RQWR D  7ULV*O\FLQH JHO 7UDQVIHU ZDV SHUIRUPHG XVLQJ WKH L%ORW JHO              
WUDQVIHU V\VWHP ,QYLWURJHQ DQG QLWURFHOOXORVH VWDFNV ,QYLWURJHQ ,% 3RQFHDX 6         
VWDLQLQJ ZDV XVHG WR FKHFN IRU DGHTXDWH WUDQVIHU RI SURWHLQV WR WKH PHPEUDQH SULRU WR              
EORFNLQJ IRU KU DW 57 LQ  GULHG VNLPPHG PLON LQ 3%67 0HPEUDQHV ZHUH LQFXEDWHG              
RYHUQLJKW DW  & ZLWK %$* DQWLERG\  3URWHLQWHFK  SULRU WR WKUHH WHQ PLQXWH             
ZDVKHV LQ 3%67 DQG LQFXEDWLRQ ZLWK +53FRQMXJDWHG VHFRQGDU\ DQWLERG\ DQWLUDEELW ,J*          
VF 6DQWD &UX] %LRWHFKQRORJ\  RU +53FRQMXJDWHG *$3'+ * 6LJPD         
 DW 57 IRU KU ZLWK VKDNLQJ 7KUHH IXUWKHU ZDVKHV ZHUH SHUIRUPHG WR UHPRYH             
XQERXQG VHFRQGDU\ DQWLERG\ 7KH PHPEUDQH ZDV LQFXEDWHG LQ /XPLVHQVRU +53 VXEVWUDWH          
*HQVFULSW /9 IRU  PLQXWH SULRU WR GHWHFWLRQ XVLQJ ;UD\ ILOP /HYHOV RI SURWHLQ             
ZHUH GHWHUPLQHG E\ EDQG LQWHQVLW\ UHODWLYH WR WKH ORDGLQJ FRQWURO DV FDOFXODWHG E\            
GHQVLWRPHWU\ XVLQJ ,PDJH- VRIWZDUH %ORWV XVHG ZLWK DQWLXELTXLWLQ DQWLERGLHV 3' &HOO          
6LJQDOLQJ  UHTXLUHG ERLOLQJ IRU  PLQXWHV IRU GHWHFWLRQ RI XELTXLWLQDWHG SURWHLQV           
3' PRXVH PRQRFORQDO DQWLERG\ ZDV WKHQ GHWHFWHG ZLWK D GRQNH\ DQWLPRXVH ,J*+53           
6DQWD&UX]VFDVGHVFULEHGDERYH

0HWK\OFHOOXORVHFKDOOHQJH
(PEU\RV ZHUH UDLVHG WR GSI LQ QRUPDO ( PHGLD P0 1D&O P0 .&O P0 &D&O               
P0 0J62   0HWK\OHQH %OXH GHFKRULRQDWHG DQG VSOLW EHWZHHQ XQFKDOOHQJHG         
JURXSV UHPDLQLQJ LQ QRUPDO PHGLD DQG FKDOOHQJHG JURXSV WUDQVIHUUHG WR PHGLD HQULFKHG           
ZLWK  ZZ PHWK\OFHOOXORVH (PEU\RV ZHUH OHIW IRU  KRXUV EHIRUH KDUYHVWLQJ IRU            
GRZQVWUHDP DQDO\VHV 7KUHH ELRORJLFDO UHSOLFDWHV RI  SRROHG HPEU\RV ZHUH XVHG IRU HDFK            
WUHDWPHQW
6HFWLRQLQJDQGKLVWRORJ\
0XVFOH WLVVXH ZDV GLVVHFWHG IURP VDFULILFHG ILVK RU PLFH DQG VQDSIUR]HQ LQ OLTXLG 1 FRROHG             
LVRSHQWDQH DQG VWRUHG DW  &  PLFURQ VHFWLRQV ZHUH JHQHUDWHG XVLQJ D FU\RVWDW )RU             
+HPDWR[\OLQ DQG (RVLQ +	( VWDLQLQJ RI WLVVXH VHFWLRQV WKH IROORZLQJ SURWRFRO ZDV           
REVHUYHG )L[DWLRQ LQ DFHWRQH IRU  VHFRQGV DLU GU\LQJ  PLQXWH LQFXEDWLRQ LQ *LOO¶V             
+HPDWR[\OLQ ZDVKLQJ ZLWK UXQQLQJ ZDWHU RQ WKH EDFN RI WKH VOLGH XQWLO FOHDU RQH GLS LQ HRVLQ                
QR PRUH WKDQ  VHFRQGV WZHQW\ GLSV LQ  DOFRKRO IRU  DOFRKRO FKDQJHV  GLSV LQ                
+LVWRFOHDU  VHFRQG LQFXEDWLRQ LQ FOHDQ +LVWRFOHDU PRXQWLQJ XQGHU JODVV FRYHUVOLSV ZLWK           
'3;PRXQWLQJPHGLD

,PPXQRIOXRUHVFHQFH
6HFWLRQV ZHUH FXW DW  PLFURQV )RU PLFH FRQWURO DQG PXWDQW VHFWLRQV ZHUH DUUDQJHG VLGH              
E\ VLGH RQ WKH VDPH WR VKDUH WKH VDPH DQWLERG\ SRROV 6HFWLRQV ZHUH SHUPHDEOLVHG DQG              
EORFNHG XVLQJ  %6$ LQ 3%6   7ULWRQ ; IRU KU 6HFWLRQV ZHUH LQFXEDWHG IRU K                
DW 57 RU RYHUQLJKW DW  & ZLWK SULPDU\ DQWLERGLHV DJDLQVW %$* GHVFULEHG SUHYLRXVO\            
 )/1& 55 PRXVH ,J$ PRQRFORQDO NLQG JLIW IURP 3HWHU YDQ GHU 9HQ  6              
PRXVH ,J$ PRQRFORQDO DJDLQVW VORZ P\RVLQ 0<+% '6+%  ) PRXVH ,J*           
PRQRFORQDO DJDLQVW DOO IDVW LVRIRUPV '6+%  RU XELTXLWLQ 3' D PRXVH ,J*            
PRQRFORQDO &HOO 6LJQDOLQJ  LQ EORFNLQJ EXIIHU IROORZHG E\ WKUHH ZDVKHV ZLWK 3%6 IRU             
 PLQXWHV 6OLGHV ZHUH WKHQ LQFXEDWHG IRU KU LQFXEDWLRQ ZLWK DSSURSULDWH FRPELQDWLRQV RI            
FRPSDWLEOH VHFRQGDU\ DW 57 LQ WKH GDUN HJ DQWL 5DEELW ,J* 75,7& DE  DQG DQWL               
0RXVH ,J$ ),7& DE $EFDP  EHIRUH WKUHH ZDVKHV ZLWK 3%6 IRU  PLQXWHV             
6OLGHV ZHUH PRXQWHG ZLWK 0RZLRO 6LJPD SOXV '$3, WR VWDLQ QXFOHL ,PDJHV ZHUH REWDLQHG             
ZLWK H[SRVXUH WLPHV RI  PV '$3,  PV ),7& DQG  PV 75,7& XVLQJ D /HLFD                
'0,//('PLFURVFRSHSOXVD/HLFD')&*FDPHUDDQGWKH/HLFD/$6;VRIWZDUH
6WDWLVWLFDODQDO\VLV
6WDWLVWLFDO DQDO\VLV RI GDWD ZDV SHUIRUPHG XVLQJ *UDSKSDG 3ULVP  *UDSKSDG 6RIWZDUH           
'DWD ZHUH WHVWHG IRU QRUPDOLW\ XVLQJ WKH 6KDSLUR:LON WHVW ,I QRUPDOLW\ FRXOG EH DVVXPHG             
XQSDLUHG WZRWDLOHG 6WXGHQW¶V 7WHVWV ZHUH XVHG IRU VLQJOH FRPSDULVRQV DQG $129$ IRU           
PXOWLSOH FRPSDULVRQV ZLWK 'XQQHWW¶V PXOWLSOH FRPSDULVRQ WHVW IRU SRVWKRF LGHQWLILFDWLRQ RI          
VLJQLILFDQWO\ GLIIHUHQW PHDQV IURP FRQWURO :KHUH QRUPDOLW\ FRXOG QRW EH DVVXPHG          
.UXVNDO:DOODFH ZDV XVHG IRU PXOWLSOH FRPSDULVRQV ZLWK 'XQQHWW¶V PXOWLSOH FRPSDULVRQ         
SRVWKRFWHVW



$&.12:/('*(0(176

)81',1*
(-- ZDV VXSSRUWHG E\ D VWXGHQWVKLS IURP WKH %%65& :KLWH 5RVH 'RFWRUDO 7UDLQLQJ            
3URJUDPPH %%- 0HFKDQLVWLF %LRORJ\ DQG LWV 6WUDWHJLF $SSOLFDWLRQ :H        
DFNQRZOHGJH WKH %LRORJ\ GHSDUWPHQW 7HFKQRORJ\ )DFLOLW\ DW WKH 8QLYHUVLW\ RI <RUN IRU           
WHFKQLFDO VXSSRUW 7KLV ZRUN ZDV SDUWIXQGHG E\ WKH :HOOFRPH 7UXVW >UHI @ WKURXJK            
WKH&HQWUHIRU)XWXUH+HDOWK&)+DWWKH8QLYHUVLW\RI<RUN



&203(7,1*,17(5(676
7KHDXWKRUVGHFODUHQRFRPSHWLQJLQWHUHVWV

5()(5(1&(6

$QDQWKDUDPDQ9.RRQLQ(9DQG$UDYLQG/3HSWLGH1JO\FDQDVHVDQG'1$
UHSDLUSURWHLQV;S&5DGDUHUHVSHFWLYHO\DFWLYHDQGLQDFWLYDWHGHQ]\PHVVKDULQJD
FRPPRQWUDQVJOXWDPLQDVHIROG +XP0RO*HQHW ±
$QGHUVRQ.-5XVVHOO$3DQG)ROHWWD9&1'5*SURPRWHVP\REODVW
SUROLIHUDWLRQDQGFDVSDVHDFWLYLWLHVGXULQJGLIIHUHQWLDWLRQDQGDWWHQXDWHVK\GURJHQ
SHUR[LGH±%XWQRWSDOPLWDWHLQGXFHGWR[LFLW\ )(%62SHQ%LR±
$UQGW9'LFN17DZR5'UHLVHLGOHU0:HQ]HO'+HVVH0)UVW'26DIWLJ
36DLQW5)OHLVFKPDQQ%.HWDO&KDSHURQHDVVLVWHGVHOHFWLYH
DXWRSKDJ\LVHVVHQWLDOIRUPXVFOHPDLQWHQDQFH &XUU%LRO  ±
%DNHU-5LOH\*5RPHUR05+D\QHV$5+LOWRQ+6LPRQ0+DQFRFN-
7DWHRVVLDQ+5LSROO90DQG%ODQFR*,GHQWLILFDWLRQRID=EDQG
DVVRFLDWHGSURWHLQFRPSOH[LQYROYLQJ.<)/1&DQG,*)1([S&HOO5HV  
±
%HDWKDP-5RPHUR57RZQVHQG6.0+DFNHU7YDQGHU9HQ3)0DQG
%ODQFR*)LODPLQ&LQWHUDFWVZLWKWKHPXVFXODUG\VWURSK\.<SURWHLQDQGLV
DEQRUPDOO\GLVWULEXWHGLQPRXVH.<GHILFLHQWPXVFOHILEUHV+XP0RO*HQHW 
±
%HDWKDP-*HKPOLFK.YDQGHU9HQ3)06DUSDUDQWD-:LOOLDPV'8QGHUKLOO
3*HLHU&)UVW'28GG%DQG%ODQFR*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)LJXUH  7UDQVFULSWLRQDO XSUHJXODWLRQ RI &$6$ LQ .\ GHILFLHQW GLIIHUHQWLDWHG        
P\RWXEHV
&KLS %DJ +VSE DQG )OQF T573&5 UHVXOWV VKRZ FRQVLVWHQW XSZDUG WUHQGV LQ H[SUHVVLRQ            
LQ .\GHILFLHQW P\RWXEHV UHODWLYH WR :7 UHDFKLQJ VLJQLILFDQFH IRU &$6$ FRPSRQHQWV %DJ           
+VSE RU )OQF LQ WZR RI WKH .< GHILFLHQW FORQHV 2QHZD\ $129$'XQQHWW¶V IRU %DJ DQG              
+VSE  .UXVNDO:DOODFH'XQQHWW¶V IRU &KLS DQG )OQF    S   S Q (UURU             
EDUV LQGLFDWH 6(0 IRU %DJ DQG +VSE DQG PHGLDQ DQG LQWHUTXDUWLOH UDQJH IRU &KLS DQG              
)OQF
)LJXUH*HQHUDWLRQDQGYDOLGDWLRQRIDN\ NQRFNRXW]HEUDILVKOLQHN\ \RN\ \R
$573&5RIWKHLGHQWLILHG N\RUWKRORJVKRZVQRH[SUHVVLRQLQWKHHDUO\HPEU\RQLFVWDJHV
RULQDGXOWILQDQGJXWWLVVXH5REXVWH[SUHVVLRQLVVHHQLQVNHOHWDOPXVFOHZKLWHDUURZ
FRQVLVWHQWZLWKWKHH[SUHVVLRQSURILOHUHSRUWHGLQPLFH(PEU\RQLFWLPHSRLQWVKSIKRXUV
SRVWIHUWLOL]DWLRQDQGWLVVXHVDVLQGLFDWHG(SRVLWLYHFRQWURO HID .N\
%4XDQWLWDWLYH573&5VKRZVWKDWWKHRQVHWRI N\H[SUHVVLRQLVDURXQGGSIZLWK
H[SUHVVLRQDSSHDULQJWRLQFUHDVHEHWZHHQDQGGSI([SUHVVLRQDWWKHVHVWDJHVLVPXFK
ORZHUWKDQLQDGXOWVNHOHWDOPXVFOHEXWWKLVPD\SDUWLDOO\EHDFFRXQWHGIRUE\WKHUHODWLYH
FRQWULEXWLRQRIPXVFOHVSHFLILFWUDQVFULSWVWRWKHZKROHHPEU\R(UURUEDUVLQGLFDWHVWDQGDUG
GHYLDWLRQRIWKUHHWHFKQLFDOUHSOLFDWHV
&)XOOH[RQLQWURQVWUXFWXUHRI]HEUDILVK N\;0BYHULILHGE\573&5DWVFDOH
ZLWKWKH&5,635&DVWDUJHWVHTXHQFHKLJKOLJKWHGLQJUH\LQWKHH[RQVHTXHQFH
'4XDQWLWDWLYH573&5RI N\VKRZVWKDWILVKKRPR]\JRXVIRUDESGHOHWLRQLPRGHOOHGWR
UHVXOWLQWKHGHOHWLRQRIDVLQJOH(UHVLGXHVKRZQRGHFUHDVHLQWUDQVFULSWH[SUHVVLRQEXWILVK
KRPR]\JRXVIRUDESGHOHWLRQLLPRGHOOHGWRUHVXOWLQDIUDPHVKLIWDQGSUHPDWXUHVWRS
FRGRQVKRZDVLJQLILFDQWGHFUHDVHLQWUDQVFULSW6WXGHQW¶V7WHVWSQ LQGLFDWLQJ
GLVUXSWLRQDWWKHP51$OHYHOSUHVXPDEO\E\QRQVHQVHPHGLDWHGGHFD\(UURUEDUVLQGLFDWH
6(0

)LJXUH  ± 2UJDQLVP DQG WLVVXH OHYHO FKDUDFWHULVDWLRQ RI WKH N\ \RN\ \R ]HEUDILVK           
VKRZVQRRYHUWSDWKRORJ\
$/RQJLWXGLQDOJURZWKVWXG\VKRZVQRGLIIHUHQFHLQN\\R N\\R ]HEUDILVKPRUSKRORJ\7KUHH
PHWULFVZHUHDVVHVVHGLQ:7DQG N\\R N\\R ]HEUDILVKDWDQGPRQWKVSRVWIHUWLOLVDWLRQ
OHQJWKEOXHIURPWKHMDZWRWKHDQWHULRURIWKHWDLOILQKHLJKWJUHHQDWWKHDQWHULRURIWKH
DQDOILQDQGWDLODUHDUHGPHDVXUHGEHWZHHQWKHDQWHULRURIWKHDQDOILQDQGWKHDQWHULRURI
WKHWDLOILQ1RGLIIHUHQFHVZHUHVHHQEHWZHHQ:7DQGN\\R N\\R ]HEUDILVK
%5HSUHVHQWDWLYHWUDQVYHUVHVHFWLRQVRIPRQWKROG]HEUDILVKVKRZPXVFOHILEUHVLQFURVV
VHFWLRQ$VPDOOQXPEHURIYHU\VPDOOILEUHVDQGILEUHVZLWKFHQWUDOLVHGQXFOHLFDQEHVHHQ
ZLWK VLPLODU IUHTXHQF\ LQ ERWK :7 DQG N\\R N\\R ILVK H[DPSOHV LQGLFDWHG E\ \HOORZ DUURZV             
LQGLFDWLQJWKDWWKHVHDUHQRWSDWKRORJLFDOFKDQJHV
&6ORZPXVFOHGLVWULEXWLRQLVSUHVHUYHGLQWKH N\\R N\\R ]HEUDILVK,PPXQRIOXRUHVFHQFH
DJDLQVWWKHVORZPXVFOHPDUNHUVRQWUDQVYHUVHVHFWLRQVVKRZVWKDWVORZPXVFOH
UHPDLQV UHVWULFWHG ODWHUDOO\ LQ WKH N\\R N\\R ]HEUDILVK ,PDJH UHSUHVHQWDWLYH RI VHFWLRQV IURP           
 :7 DQG  N\\R N\\R ILVK DW  PRQWKV SRVW IHUWLOLVDWLRQ 6LQFH VHFWLRQV DUH GHULYHG IURP               
GLIIHUHQW SRVLWLRQV RQ WKH DQWHULRUSRVWHULRU D[LV VORZ PXVFOH DUHD DQG FHOO QXPEHU FDQQRW            
EHGLUHFWO\FRPSDUHG


)LJXUH  7UDQVFULSWLRQDO DQDO\VLV RI &$6$ FRPSRQHQWV LQ WKH N\ \RN\\R ]HEUDILVK          
OLQH
4XDQWLWDWLYH573&5RI EDJIOQFD DQG IOQFE DWGD\VPRQWKVDQGPRQWKVSRVW
IHUWLOLVDWLRQVKRZVDSHUVLVWHQWWUHQGRILQFUHDVHG EDJ WUDQVFULSWLRQWKRXJKWKLVRQO\
DFKLHYHV VLJQLILFDQFH DW WKH  PRQWK VWDJH 2QHZD\ $129$'XQQHWW¶V S Q  IOQFD           
VKRZV QR DSSDUHQW GLIIHUHQFHV DQG IOQFE VKRZV D VLJQLILFDQW LQFUHDVH DW GSI DQG  PRQWKV              
2QHZD\$129$'XQQHWW¶VSQ (UURUEDUVLQGLFDWH6(0


)LJXUH  0HWK\OFHOOXORVH FKDOOHQJH GRHV QRW LQFUHDVH WUDQVFULSWLRQDO XSUHJXODWLRQ RI         
&$6$LQN\ \RN\\R HPEU\RV
$ 4XDQWLWDWLYH 573&5 RI EDJ IOQFD DQG IOQFE VKRZV VLJQLILFDQWO\ LQFUHDVHG WUDQVFULSWLRQ           
LQ GSI N\\R N\\R HPEU\RV FRPSDUHG WR :7 FRQWUROV ZKHQ JURZQ LQ QRUPDO ( PHGLD             
2QHZD\ $129$'XQQHWW¶V   S   S Q  6ZLPPLQJ LQ PHGLD HQULFKHG            
ZLWK  PHWK\OFHOOXORVH IURP GSI WR GSI LQGXFHV VLJQLILFDQW LQFUHDVHV LQ EDJ DQG IOQFD             
WUDQVFULSWLRQ DQG D WUHQG WRZDUGV LQFUHDVHG IOQFE WUDQVFULSWLRQ LQ :7 HPEU\RV 2QHZD\           
$129$'XQQHWW¶V   S   S Q  1R VLJQLILFDQW FKDQJHV LQ WUDQVFULSWLRQ DUH             
REVHUYHG EHWZHHQ FKDOOHQJHG DQG XQFKDOOHQJHG N\\R N\\R HPEU\RV (UURU EDUV LQGLFDWH         
6(0
% )LEUHW\SLQJ RI HPEU\RQLF ]HEUDILVK PXVFOH VKRZV QR FKDQJHV WR VORZ JUHHQ RU IDVW             
UHG PXVFOH GLVWULEXWLRQ ,PDJHV DUH UHSUHVHQWDWLYH RI  :7 DQG  N\\R N\\R HPEU\R SHU             
WUHDWPHQWJURXSVHHILJXUH 6IRUIXOOSDQHO
& 5HSUHVHQWDWLYH LPDJHV RI ELUHIULQJHQFH DQDO\VLV RI ZKROH ]HEUDILVK HPEU\RV VKRZLQJ QR           
JURVV PXVFOH GDPDJH RU GHIRUPDWLRQ LQ DQ\ WUHDWPHQW JURXS LQGLFDWLQJ WKH WUDQVFULSWLRQDO           
FKDQJHVDUHQRWVHFRQGDU\WRJURVVPXVFOHGDPDJH

)LJXUH$OWHUHG%$*WXUQRYHULQWKHN\N\ PRXVH
$ 5HSUHVHQWDWLYH :% LPDJHV RI %$* LQ F\WRVNHOHWDO DQG VROXEOH IUDFWLRQV RI PXVFOH            
SURWHLQH[WUDFWHGIURPWKHVROHXVDQGWKH('/
% 4XDQWLILFDWLRQ RI %$* SURWHLQ OHYHOV E\ GHQVLWRPHWU\ VKRZV VLJQLILFDQWO\ KLJKHU OHYHOV RI            
F\WRVNHOHWDODVVRFLDWHG %$* LQ WKH N\N\ VROHXV FRPSDUHG WR :7 VLEOLQJ FRQWUROV SDLUHG           
6WXGHQW¶V WWHVW S Q  1R GLIIHUHQFHV DUH REVHUYHG DW WKH SURWHLQ OHYHO LQ WKH ('/              
(UURUEDUVLQGLFDWH6(0
& 4XDQWLWDWLYH 573&5 RI %DJ VKRZV QR VLJQLILFDQW GLIIHUHQFH LQ WUDQVFULSW OHYHO EHWZHHQ            
:7 DQG N\N\ VROHXV LQGLFDWLQJ WKDW WKH LQFUHDVH LQ SURWHLQ PD\ QRW EH DFFRXQWHG IRU E\               
HOHYDWHG WUDQVFULSWLRQ 6LJQLILFDQW XSUHJXODWLRQ RI WUDQVFULSW OHYHOV LV VHHQ LQ WKH ('/ SDLUHG            
6WXGHQW¶V WWHVW S Q  6LQFH QR FRPPHQVXUDWH LQFUHDVH LQ SURWHLQ OHYHO LV REVHUYHG            
WKLVVXJJHVWV%$*WXUQRYHUPD\EHHOHYDWHGLQWKH('/(UURUEDUVLQGLFDWH6(0

)LJXUH,QFUHDVHLQ%$*DQG)/1&LPPXQRUHDFWLYLW\LQN\N\ VROHXVPXVFOH
$ 5HSUHVHQWDWLYH LPDJHV RI LPPXQRIOXRUHVFHQFH DJDLQVW %$* DQG )/1& RQ ORQJLWXGLQDO          
VHFWLRQV RI :7 DQG N\N\ VROHXV +LJKHU UHDFWLYLW\ IRU %$* DQG )/1& LV REVHUYHG LQ WKH               
N\N\ VROHXV FRQVLVWHQW ZLWK WKH LQFUHDVHG F\WRVNHOHWDO %$* REVHUYHG RQ :% LQ WKH PXWDQW             
VHH ILJXUH  $PSOLILHG LQVHWV VTXDUHV VKRZ WKDW %$* DQG )/1& DSSHDU WR UHPDLQ             
SULPDULO\ FRORFDOLVHG WR VWULDWLRQV SUHVXPHG WR EH WKH ]GLVF $QWLERG\ SRROV ZHUH VKDUHG            
EHWZHHQ:7DQG N\N\VHFWLRQVDQGFDPHUDVHWWLQJVZHUHPDLQWDLQHG
% 4XDQWLWDWLYH 573&5 RI )OQF VKRZV QR VLJQLILFDQW LQFUHDVHV FRPSDULQJ :7 DQG N\N\            
WLVVXH EHWZHHQ VLEOLQJV SDLUHG VWXGHQW¶V 7WHVW S! Q  7KLV VXJJHVWV WKH DSSDUHQW           
LQFUHDVH LQ )/1& SURWHLQ PD\ QRW EH DFFRXQWHG IRU E\ LQFUHDVHG WUDQVFULSWLRQ (UURU EDUV             
LQGLFDWH6(0
